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n Sequence-specific polypeptoids: a diverse family of
heteropolymers with stable secondary structure. Ken
Kirshenbaum, Annelise E Barron, Richard A Goldsmith,
Philippe Armand, Erin K Bradley, Kiet T Truong, Ken A Dill,
Fred E Cohen and Ronald N Zuckermann (1998). Proc.
Natl Acad. Sci. USA 95, 4303–4308.
A family of structured oligo-N-substituted-glycines (peptoids)
up to 36 residues in length has been synthesised and
characterised using an efficient solid-phase protocol to
incorporate chemically diverse sidechains in a sequence-specific
fashion. Some polypeptoids containing sidechains with a chiral
centre adjacent to the mainchain nitrogen have stable secondary
structure, despite the achirality of the polymer backbone and
its lack of hydrogen bond donors. In both aqueous and organic
solvents, peptoid oligomers as short as five residues give rise to
CD spectra that strongly resemble those of peptide α helices.
Differential scanning calorimetry and CD measurements show
that polypeptoid secondary structure is highly stable and that
unfolding is reversible and cooperative. Thermodynamic
parameters obtained for unfolding are similar to those obtained
for the α helix to coil transitions of peptides. This class of
biomimetic polymers may enable the design of self-assembling
macromolecules with novel structures and functions.
14 April 1998. Proceedings of the National Academy of
Science USA.
n Amyloid fibril formation by an SH3 domain. J Inaki
Guijarro, Margaret Sunde, Jonathan A Jones, Iain D
Campbell and Christopher M Dobson (1998). Proc. Natl
Acad. Sci. USA 95, 4224–4228.
The SH3 domain is a well-characterised small protein module
with a simple fold found in many proteins. At acidic pH, the
SH3 domain (PI3–SH3) of the p85α subunit of bovine
phosphatidylinositol 3-kinase slowly forms a gel that consists of
typical amyloid fibrils. The soluble form of PI3–SH3 at acidic
pH (the A state) from which fibrils are generated has been
characterised. CD and 1H NMR indicate that the A state is
substantially unfolded relative to the native protein at neutral
pH. NMR diffusion measurements, however, indicate that the
effective hydrodynamic radius of the A state is only 23% higher
than that of the native protein and is 20% lower than that of the
protein denatured in 3.5 M guanidinium chloride. In addition,
the A state binds the hydrophobic dye 1-anilinonaphthalene-
8-sulfonic acid, which suggests that SH3 in this state has a
partially formed hydrophobic core. These results support the
hypothesis that partially folded states formed in solution are
precursors of amyloid deposition. Moreover, the aggregation of
this domain into amyloid fibrils suggests that the potential for
amyloid deposition may be a common property of proteins, and
not only of a few proteins associated with disease.
14 April 1998. Proceedings of the National Academy of
Science USA.
n Directed evolution of an aspartate aminotransferase
with new substrate specificities. T Yano, S Oue and
H Kagamiyama (1998). Proc. Natl Acad. Sci. USA 95,
5511–5515.
The substrate specificity of aspartate aminotransferase was
successfully modified by directed molecular evolution using a
combination of DNA shuffling and selection in an auxotrophic
Escherichia coli strain. After five rounds of selection, one of the
evolved mutants showed a 105-fold increase in the catalytic
efficiency (kcat/Km) for β-branched amino acids and 2-oxo
acids. The mutant had 13 amino acid substitutions, six of
which contributed 80–90% to the total effect. Interestingly,
only one of the six functionally important residues is located
within a distance of direct interaction with the substrate,
supporting the idea that rational design of the substrate
specificity of an enzyme is very difficult.
12 May 1998. Proceedings of the National Academy of
Science USA.
n Binding of hsp90 to the glucocorticoid receptor
requires a specific 7-amino acid sequence at the amino
terminus of the hormone-binding domain. Min Xu, Kurt
D Dittmar, Georgia Giannoukos, William B Pratt and
S Stoney Simons Jr (1998). J. Biol. Chem. 273,
13918–13924.
The glucocorticoid receptor (GR) hormone-binding domain
(HBD) must be bound to the protein chaperone hsp90 in order
to acquire the high-affinity steroid-binding conformation. The
binding site of hsp90 in GR remains poorly defined, however.
Large portions of the GR HBD have been implicated, but no
similarity has been established between steroid receptor HBDs
and the catalytic domains of the protein kinases that also form
stable heterocomplexes with hsp90. Overexpression of two
chimeras yielded receptors that were bound to hsp90 and had
wild-type steroid-binding affinity. Removal of seven more
amino acids resulted in a fusion protein that did not bind either
hsp90 or steroid. These observations support a model in which
the sequence of the seven amino acids directly or indirectly
affects hsp90 binding to the GR HBD. Thus, a region of GR
that has not been thought to be relevant for hsp90 binding is
now seen to be critical. The data argue strongly against the
commonly accepted model of receptor–hsp90 heterocomplex
assembly in which the chaperone initially interacts
nonspecifically with hydrophobic regions of the partially
denatured HBD.
29 May 1998. Journal of Biological Chemistry.
n Urea effects on protein stability: hydrogen bonding and
the hydrophobic effect. Qin Zou, Susan M Habermann-
Rottinghaus and Kenneth P Murphy (1998). Proteins 31,
107–115.
A model system was used to determine the energetics of
dissolution of a homologous series of cyclic dipeptides into
aqueous urea solutions of varying concentration at 25°C using
calorimetry. The data support a model in which urea denatures
proteins by decreasing the hydrophobic effect and by directly
binding to the amide units via hydrogen bonds. The data also
indicate that the enthalpy of amide hydrogen-bond formation
in water is considerably higher than previously estimated.
Previous estimates included the contribution of hydrophobic
transfer of the α carbon resulting in an overestimate of the
binding between urea and the amide unit of the backbone and
an underestimate of the binding enthalpy.
1 May 1998. Proteins.
n The central structural feature of the membrane fusion
protein subunit from the Ebola virus glycoprotein is a
long triple-stranded coiled cell. Winfried Weissenhorn,
Lesley J Calder, Stephen A Wharton, John J Skehel and
Don C Wiley (1998). Proc. Natl Acad. Sci. USA 95,
6032–6036.
The ectodomain of the Ebola virus Gp2 glycoprotein was
solubilised with a trimeric, isoleucine zipper derived from
GCN4 (pIIGCN4) in place of the hydrophobic fusion peptide
at the N terminus. This chimeric molecule forms a trimeric,
highly α-helical, and very thermostable molecule, as
determined by chemical crosslinking and CD. Electron
microscopy indicates that Gp2 folds into a rod-like structure
like influenza HA2 and HIV-1 gp41, providing further
evidence that viral fusion proteins from diverse families such
as Orthomyxoviridae (Influenza), Retroviridae (HIV-1), and
Filoviridae (Ebola) share common structural features, and
suggesting a common membrane fusion mechanism.
26 May 1998. Proceedings of the National Academy of
Science USA.
n The sequences of small proteins are not extensively
optimized for rapid folding by natural selection. David E
Kim, Hongdi Gu and David Baker (1998). Proc. Natl Acad.
Sci. USA 95, 4982–4986.
The folding thermodynamics and kinetics are reported for 12
heavily mutated variants of the small IgG binding domain of
protein L retrieved from high-complexity combinatorial
libraries by using a phage-display selection for proper folding
that does not discriminate between rapidly and slowly folding
proteins. Although the stabilities of all variants were decreased,
many of the variants fold faster than wild type. Taken together
with similar results for the src homology 3-domain, this
observation suggests that the sequences of small proteins have
not been extensively optimised for rapid folding.
28 April 1998. Proceedings of the National Academy of
Science USA.
n Characterization of collapsed states in the early stages
of the refolding of hen lysozyme. Charles J Morgan,
Andrew Miranker and Christopher M Dobson (1998).
Biochemistry 37, 8473–8480.
Early conformational states in the refolding of hen lysozyme
from guanidine hydrochloride have been characterised by
measuring both the fluorescence and the solvent exchange
properties of tryptophan sidechains. Analysis of the pH
dependence of the indole hydrogen exchange protection is
consistent with two or more structurally distinct collapsed
states, and indicates that the generation of a correctly folded
compact hydrophobic core is a key precursor to the formation
of persistent native-like structure during refolding. 
9 June 1998. Biochemistry.
n Evidence for barrier-limited protein folding kinetics on
the microsecond time scale. MC Ramachandra Shastry
and Heinrich Roder (1998). Nat. Struct. Biol. 5, 385–392.
A recently developed continuous-flow capillary mixing method
made it possible to account for the entire fluorescence change
associated with refolding of cytochrome c, including the
previously unresolved quenching of Trp59 fluorescence
indicative of the formation of compact states. The kinetics of
folding exhibits a major exponential process, indicating that a
common free-energy barrier is encountered during the initial
collapse of the polypeptide chain. The resulting loosely
packed intermediate accumulates prior to the rate-limiting
formation of specific tertiary interactions, confirming that
folding involves at least two distinct stages.
May 1998. Nature Structural Biology.
n The changing nature of the protein folding transition
state: implications for the shape of the free-energy
profile for folding. M Oliveberg, YJ Tan, M Silow and AR
Fersht (1998). J. Mol. Biol. 277, 933–943.
Kinetics and protein engineering are employed to investigate
the shape of the free-energy profile for two-state folding,
which is the macroscopic view of the funnel process for small
and rapidly folding proteins. The experiments are based
mainly on structural changes of the transition state of
chymotrypsin inhibitor 2 (CI2) upon destabilisation with
temperature and guanidine hydrochloride.  The relatively
fixed position of the CI2 transition state on the reaction
coordinate makes it easy to characterise, but also contributes to
overshadow the rest of the free-energy profile, the shape of
which is inaccessible for analysis. Results from mutants of CI2
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and comparison with other two-state proteins, however, point
at the possibility that the barrier for folding is generally broad
and that localised transition states result from minor ripples in
the free-energy profile. Accordingly, variabilities in the folding
kinetics may not indicate different folding mechanisms, but
could be accounted for by various degrees of ruggedness on
top of very broad activation barriers for folding.
10 April 1998. Journal of Molecular Biology.
n NMR solution structure of the 21 kDa chaperone
protein DnaK substrate binding domain: a preview of
chaperone–protein interaction. Hong Wang, Alexander V
Kurochkin, Yuxi Pang, Weidong Hu, Gregory C Flynn and
Erik RP Zuiderweg (1998). Biochemistry 37, 7929–7940.
The solution structure of the 21 kDa substrate-binding domain
of the Escherichia coli Hsp70-chaperone protein DnaK (DnaK
386–561) has been determined to 1.00 Å resolution (backbone
of the β-domain) from 1075 experimental restraints obtained
from multinuclear, multidimensional NMR experiments. The
domain binds to its own C terminus and offers a preview of the
interaction of this chaperone with other proteins. The bound
protein region is held tightly at a single amino acid position (a
leucyl residue) that is buried in a deep pocket lined with
conserved hydrophobic residues. A second hydrophobic binding
site was identified using paramagnetically labelled peptides. It
is located in a region close to the N terminus of the domain and
may constitute the allosteric region that links substrate-binding
affinity with nucleotide binding in the Hsp70 chaperones. 
2 June 1998. Biochemistry.
n Prefoldin, a chaperone that delivers unfolded proteins
to cytosolic chaperonin. Irina E Vainberg, Sally A Lewis,
Heidi Rommelaere, Christophe Ampe, Joel
Vandekerckhove, Hannah L Klein and Nicholas J Cowan
(1998). Cell 93, 863–873.
This paper describes the discovery of a heterohexameric
chaperone protein, prefoldin, based on its ability to capture
unfolded actin. Prefoldin binds specifically to cytosolic
chaperonin (c-cpn) and transfers target proteins to it. Deletion
of the gene encoding a prefoldin subunit in S. cerevisiae results
in a phenotype similar to those found when c-cpn is mutated,
namely impaired functions of the actin and tubulin-based
cytoskeleton. Consistent with prefoldin having a general role
in chaperonin-mediated folding, homologues are identified in
archaea, which have a class II chaperonin but contain neither
actin nor tubulin. By directing target proteins to chaperonin,
prefoldin promotes folding in an environment in which there
are many competing pathways for non-native proteins. 
29 May 1998. Cell.
n The chaperonin of the archaeon Sulfolobus solfataricus
is an RNA-binding protein that participates in ribosomal
RNA processing. Davide Ruggero, Andrea Ciammaruconi
and Paola Londei (1998). EMBO J. 17, 3471–3477.
The 60 kDa molecular chaperones (chaperonins) are high
molecular weight protein complexes having a characteristic
double-ring toroidal shape; they are thought to aid the
folding of denatured or newly synthesised polypeptides.
These proteins exist as two functionally similar, but
distantly related families, one comprising the bacterial and
organellar chaperonins and another (the so-called CCT-TRiC
family) including the chaperonins of the archaea and the
eukaryotes. The authors report that the chaperonin of the
thermophilic archaeon Sulfolobus solfataricus is an
RNA-binding protein that interacts specifically in vivo with the
16S rRNA and participates in the maturation of its 5′ extremity
in vitro. The chaperonin also binds RNA as the native
heterooligomeric complex and RNA binding and processing
are inhibited by ATP. Thus, the bacterial/
organellar chaperonins are involved in RNA protection or
processing and it is suggested that all known chaperonin
families share specific and evolutionarily ancient functions in
RNA metabolism. 
17 May 1998. The EMBO Journal.
n Multiple effects of trehalose on protein folding in vitro
and in vivo. MA Singer and S Lindquist (1998). Mol. Cell.
5, 639–648.
The disaccharide trehalose is produced in large quantities by
diverse organisms during a variety of stresses. Trehalsoe
prevents proteins from denaturing at high temperature in vitro,
but its function is stress tolerance in vivo is controversial. Here,
it is reported that trehalose stabilises proteins in yeast cells
during heat shock. Surprisingly trehalose also suppresses the
aggregation of denatured proteins, maintaining them in a
partially folded state from which they can be reactivated by
molecular chaperones. The continued presence of trehalose,
however, interferes with refolding, suggesting why it is rapidly
hydrolysed following heat shock. These findings reconcile
conflicting reports on the role of trehalose in stress tolerance,
provide a novel tool for accessing protein folding
intermediates, and define new parameters of modulating stress
tolerance and protein aggregation.
April 1998. Molecular Cell.
n Continuity in evolution: on the nature of transitions.
Walter Fontana and Peter Schuster (1998). Science 280,
1451–1455.
To distinguish continuous from discontinuous evolutionary
change, a relationship of nearness between phenotypes is
needed.  Such a relationship is based on the probability of one
phenotype being accessible from another through changes in
the genotype. This nearness relationship is exemplified by
calculating the shape neighbourhood of a transfer RNA
secondary structure and provides a characterisation of
discontinuous shape transformations in RNA. The simulation
of replicating and mutating RNA populations under selection
shows that sudden adaptive progress coincides mostly, but not
always, with discontinuous shape transformations.  The nature
of theses transformations illuminates the key role of neutral
genetic drift in their realisation.
29 May 1998. Science.
Paper alert R95
n Are protein folds atypical? Hao Li, Chao Tang and Ned S
Wingreen (1998). Proc. Natl Acad. Sci. USA 95,
4987–4990.
Protein structures are a very special class among all possible
structures. It has been suggested that a ‘designability principle’ is
crucial for nature’s selection of protein sequences and structures.
A theoretical base is provided for such a selection principle, using
a simple model of protein folding based on hydrophobic
interactions. A structure is reduced to a string of 0s and 1s, which
represent the surface and core sites, respectively, as the
backbone is traced. Thus,each structure is associated with one
point in a high-dimensional space. Sequences are represented by
strings of their hydrophobicities and can therefore be mapped
into the same space. A sequence that lies closer to a particular
structure in this space than to any other structures will have that
structure as its ground state. Atypical structures, those far away
from other structures in the high dimensional space, have more
sequences that fold into them and are thermodynamically more
stable. The authors argue that the most common folds of proteins
are the most atypical in the space of possible structures. 
28 April 1998. Proceedings of the National Academy of
Science USA.
n Assessing sequence comparison methods with reliable
structurally identified distant evolutionary relationships.
Steven E Brenner, Cyrus Chothia and Tim JP Hubbard
(1998). Proc. Natl Acad. Sci. USA 95, 6073–6078.
Pairwise sequence comparison methods have been assessed
using proteins whose relationships are known reliably from their
structures and functions, as described in the SCOP database.
The evaluation tested the programs BLAST, WU-BLAST2,
FASTA, and SSEARCH and their scoring schemes. Many
homologues have low sequence similarity so most distant
relationships cannot be detected by any pairwise comparison
method; those that are identified may be used with confidence. 
26 May 1998. Proceedings of the National Academy of
Science USA.
n Fold and function predictions for Mycoplasma
genitalium proteins. Leszek Rychlewski, Baohong Zhang
and Adam Godzik (1998). Fold. Des. 3, 229–238.
Uncharacterised proteins from newly sequenced genomes
provide perfect targets for fold and function prediction. For
38% of the entire genome of Mycoplasma genitalium, sequence
similarity to a protein with a known structure can be recognised
using a new sequence alignment algorithm and tentative
function can be assigned to almost 80% of the entire genome.
Some predictions lead to new insights about known functions
or point to hitherto unexpected features of M. genitalium.
26 May 1998. Folding & Design.
n On the thermodynamic hypothesis of protein folding.
Sridhar Govindarajan and Richard A Goldstein (1998).
Proc. Natl Acad. Sci. USA 95, 5545–5549.
The validity of the thermodynamic hypothesis of protein
folding was explored by simulating the evolution of protein
sequences. Simple models of lattice proteins were allowed to
evolve by random point mutations subject to the constraint
that they fold into a predetermined native structure with a
Monte-Carlo folding algorithm. A simple analytical approach
was employed to compute the probability of violation of the
thermodynamic hypothesis as a function of the size of the
protein and the roughness of the free-energy landscape. It was
found that even if the folding is under kinetic control, the
sequence will evolve so that the native state is most often the
state of minimum free energy. 
12 May 1998. Proceedings of the National Academy of
Science USA.
n A graph-theoretic algorithm for comparative modeling
of protein structure. Ram Samudrala and John Moult
(1998). J. Mol. Biol. 279, 287–302.
The interconnected nature of interactions in protein structures
appears to be the major hurdle in preventing the construction
of accurate comparative models. An algorithm is presented that
uses graph theory to handle this problem. The algorithm is
used in a comparative modelling scenario to build sidechains,
regions of mainchain, and mix and match between different
homologues in a context-sensitive manner. The predictive
power of this method is assessed by applying it to cases for
which the experimental structure is not known in advance. 
29 May 1998. Journal of Molecular Biology.
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Nine reviews on aspects of Sequences and topology in
the June issue (No 3) of Current Opinion in Structural
Biology (1998), 8, 331–400. Edited by Peer Bork and
David Eisenberg.
Validation tools: can they indicate the information
content of macromolecular crystal structures?
[Minireview]. EJ Dodson, GL Davies, VS Lamzin, GN
Murshudov and KS Wilson (1998). Structure 6, 685–690.
Bioinorganic chemistry and drug design: here comes
zinc again [Crosstalk]. H Holden Thorp (1998).
Chemistry & Biology 5, R125–R127.
Protein structures [Web alert]. Matthew Day and Judith
Murray-Rust (1998). Chemistry & Biology 5, R149–R150.
Protein folding: a missing redox link in the
endoplasmic reticulum [Dispatch]. Robert B Freedman,
Angela D Dunn and Lloyd W Ruddock (1998). Current
Biology 8, R468–R470.
Protein folding: think globally, (inter)act locally
[Correspondence]. Alan R Fersht and Eugene I
Shakhnovich (1998). Current Biology 8, R478–R479.
